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PREFACE

Design curves for the maximum breaker height in the surf zone for monochro-
matic waves (based on the work of Goda, 1970) are given in Section 7.12 of the
Shore Protection Manual (U.S. Army, Corps of Engineers, Coastal Engineering
Research Center, 1977). This report presents similar curves for the magnitude
and location of peak wave heights for irregular waves, based on the model of
Goda (1975). This work was carried out as a part of the offshore breakwaters

for shore stabilization program of the U.S. Army Coastal Engineering Research
Center (CERC).

This report was prepared by William N, Seelig, Hydraulic Engineer, under

the general supervision of Dr. R.M. Sorensen, Chief, Coastal Processes and
Structures Branch.

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166, 79th Congress,

approved 31 July 1945, as supplemented by Public Law 172, 88th Congress,
approved 7 November 1963.
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be converted
to metric (SI) units as follows:

Multiply by To obtain
inches 25.4 millimeters
2.54 sentimeters
square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters
feet 30,48 centimeters
0.3048 meters
square feet 0.0929 square meters
cubic feet 0.0283 cubic meters
yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters
miles 1.6093 kilometers
square miles 259.0 hectares
knots 1,852 kilometers per hour
acres 0.4047 hectares.
foot-pounds 1,3558 newton meters
millibars 1.0197 x 10°3 kilograms per square centimeter
ounces 28.35 grams
pounds 453.6 granms
0.4536 kilograms
ton, long 1.0160 metric tons
ton, short 0.9072 metric tons
degrees (angle) 0.01745 radians
Fahrenheit degrees 5/9 Celsius degrees or Kelvins!

ITo obtain Celsius (C) temperature readings from Fahrenheit (F) rcadings,
use formula: C = (5/9) (F -32).

To obtain Kelvin (K) readings, use formula: K = (5/9) (F -32) + 273.1S.
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di

Hy

H) max

SYMBOLS AND DEFINITIONS

water depth where Hg ... occurs
acceleration due to gravity
maximum breaker height for monochromatic waves

average height of highest 1 percent of all waves for a given time
period

peak value of H,;
deepwater significant wave height

significant wave height defined as the average of the highest
one-third waves

peak value of Hg

wave period defined as the period of peak energy density for
irregular waves

slope of the bottom
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MAXIMUM WAVE HEIGHTS AND CRITICAL WATER DEPTHS
FOR IRREGULAR WAVES IN THE SURF ZONE

.. DY ,
William N. Seelig
I. INTRODUCTION

The Shore Protection Manual (U.S. Army, Corps of Engineers, Coastal Engi-
neering Research Center, 1977)! gives methods for estimating wave height near-
shore due to monochromatic waves, based on the work of Goda (1970)2. However,
the action of irregular waves in the surf zone is very complex, involving the
interaction of wave shoaling, breaking, and setup; re-formation of broken waves;
surf beat; and other mechanisms. Goda (1975)3 proposed a model for predicting
wave height distributions and wave height parameters in the nearshore zone for
the case of continuously shallowing profiles. Goda's model assumes that the
(a) equivalent deepwater significant wave height and period are known; (b) deep-
water wave heights have a Rayleigh distribution; (c) average beach slope one-
half to one wavelength seaward of the point of interest is known; (d) surf beat,
wave setup, and breaking limits can be described by empirical formulas; (e) wave
shoaling is nonlinear; and (f) broken waves re-form at lower heights. Using
these assumptions, a numerical procedure was developed to predict nearshore wave
heights (see Seelig and Ahrens, 1979)%. Limited testing of the model with field
and laboratory data suggests that Goda's model gives useful estimates of near-
shore wave heights.

II. DESIGN CURVES

Calculations of nearshore wave conditions using Goda's (1975)° model show
that wave height parameters reach a maximum or peak value at one point along
the profile. For example, an irregular wave condition with a deepwater sig-
nificant wave height, H,, and a period of peak energy density, TP, has a
peak value of significant wave height, Hg max, at a water depth, “d* (Fig. 1).
This would be an especially poor location to build a structure or site any other
activity sensitive to wave height, because the significant wave height reaches
its largest value at this point. H; shown in the figures is defined as the

ly.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, Shore
Protection Manual, 3d ed., Vols. I, II, and III, Stock No. 008-022-00113-1, U.S.
Government Printing Office, Washington, D.C., 1977, 1,262 pp.

2GODA, Y., "A Synthesis of Breaker Indices," Transactions of the Japanese
Society of Civil Engineers, Vol. 2, Pt, 2, 1970.

3GODA, Y., "Irregular Wave Deformation in the Surf Zone," Coastal Engineering
in Japan, Vol. 18, 1975, pp. 13-26.

“SEELIG, W.N., and AHRENS, J., "Estimating Nearshore Conditions for Irregular
Waves,'" U.S. Army, Corps of Engineers, Coastal Engineering Research Center, Fort
Belvoir, Va. (in preparation, 1980).

SGODA, Y., op. cit.
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Figure 1. Predicted nearshore wave heights using Goda's model.

average of the highest 1 percent of the waves and is the wave height with an
exceedance probability of approximately 1/260. Goda's model predicts that the
occurs just seaward of d* (Fig. 1).

peak value of H;

Figure 2 gives the design curves for Hg pgr and H) mgx as a function of
deepwater wave steepness and beach slope. These curves show that the peak wave
heights decrease as the wave steepness increases and the beach slope becomes
flatter. The dimensionless water depth where the peak significant wave height
occurs becomes smaller as the beach slope or wave steepness increases, except
for the steepest waves (Fig. 3).

GIVEN: Wave conditions of H, = 6.56 feet (2.0 meters) and Tp = 10 seconds
with a beach slope,

FIND: The peak significant and maximum wave heights in the surf zone and

-~ their locations.

SOLUTION: For this

From Figure 2,

Hg max

and

/ Wave Hei ghf)

example:

Wotga_gepfh\l

Ho/8TH

e
Distance
Offshore

III. EXAMPLE PROBLEM

m, = 1/100.

2.0/(9.8 * 102) = 0.002.

1.18 or Hg mgx = 7.7 feet (2.3 meters), -

1.81 or Hy mge = 11.8 feet (3.62 meters).
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Figure 2. Peak values of wave height in the nearshore zone.
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Figure 3. Water depth for the peak significant wave height.
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From Figure 3,

%1-= 2.36 or d* = 15.5 feet (4.72 meters)
(o]

which occurs 1,550 feet (472 meters) offshore of the beach stillwater level
(SWL) intercept for a 1/100 slope beach.

Note that monochromatic theory predicts a breaker height, Hy, (Fig. 7-3
in U.S. Army, Corps of Engineers, Coastal Engineering Research Center, 1977)%
that occurs between the peak significant and maximum one percent heights
(see Table).

Table. Predicted peak wave heights using
irregular and monochromatic theories
(T = 10 seconds; m = 1/20).

Hy Hg max Hp Hy max
(ft) (m) (ft) (m) (ft) (m) (ft) (m)
3.28 (1.0) 5.25 (1.6) 5.9 (1.8) 7.54 (2.3)

6.56 (2.0) 8.53 (2.6) 10.2 (3.1) 12.5 (3.8)
13.1 (4.0) 13.8 (4.2) 16.7 (5.1) 21.3 (6.5)
19.7 (6.0) 19.0 (5.8) 23.0 (7.0) 30.2 (9.,2)

Iv. SUMMARY

The model of Goda (1975)7 for predicting heights of irregular waves in the
surf zone is used to determine the peak significant and maximum wave heights
and location where peak wave heights will occur.

6u.s. ARMY, op. cit., p. 7.

7GODA, Y., op. cit., p. 7.

T AL (KT ¢ A S BB




L-08 "ou eligcn’ £0701

*1-08 °"OU f{pTE TEITUYDIL I23ud) Ydlwasay Bujaasujdug
T®3I8LO) °S°) :69FIIS *II OTITL ‘1 -saaey ‘7 IYBTay aaem |

*pejuasaad s8] SaAINd 3SIY3I joO
98N a3yl sajpaIsuUOWIP 3IBY3 ITdwExa Uy S53udaIIS IAeM IIOYSIJO pue
adoTs arrjoad jo uOFIdUNJ B 8B BUOZ JANs Byl uy s3IYBFay aaea yead
3o uojjedoy pue apnijulew 3y 10J 83AIND uoTIOIpaad doraasp o3 pasn
8T (S/61) EPOD JO TIpOm UOTIPWIOIIP 9ABA 1vIn8ali] I10Ysiaesu 3yl
*aTITI I9A0)
(1-08 ‘ou ! 133ua) Yoieasay
SutasaujBug Te3ISEO) 'S'l ~ PFR [EITUYDIIL) — ‘WO /7 ¢ TIT : °*d [}
‘0861 ‘99FAIIS UOTIPWIOJUI [EOFUYDI] TRUOCTIBN WOIJ
aTqeTIRAR : *®A ‘pratjBurads ¢ 13jua) yoaessay Sujidaurduy TeIsEO)
‘S°n ¢ ‘BA ‘ayoarag 3103 - °8yTe9g N WETTTIM £q / Buoz jins ayl ugy
gaaem 18Tn83117 103 syidep x33em TEOTITIO pue SIYBIIY aaem wnuyxel

"N WETTITM ‘Byrasg

LT9 1-0g -ou BIi860° £0201

*1-0g ‘ou {pye TedJuydal “-aajua) yd>ieasay Buyiaauyluz
TBISEOD °S°'f] :(SIFIAS ‘11 "ITITL "1 saaeyM 'z "IyByay aaey -y

*pailuadsaid s} saAaInd asays jo
3sn 2yl s3jwllsuowap eyl Ivdwexs uy -esaudaals Iapm 310ysjjo pue
adoys 3ay7joad jo uojiduny ® se auoz Jins 3yl uy sIyBjay saem yead
3o uolIed01 pue Ipnijulwm IY3 103 SIAXND UOIIDTp3ad doTaAIp 03 pasn
ST (GL61) ®POH JO Tapow uCTIPWIOJAP aAem ieTnBaii] aioysieau ayl
*3a731T3 12A0)
(1-08 "ou ¢ 133ud) YdILISIY
SuriaaurBug TRISEO) °S°n - PI® TEOFUYOAL) - ‘wd sz ¢ “YIF : °d |y
‘0861 ‘39TAI3S uOTIETIOJU] TEOTUYDI] [EUOTIBN WOIJ
a[qeIIeaR : ‘ep ‘prarTjduriads ! 193ua) yoaeasay BuyiazsuyBuz TelsEO)
“S°l : ‘A “IJOATSg 3104 - °BY[IIS ‘N WEIITIM Aq / duoz JiIns 3yl uy
saapm JeTn8a1iy 10J syjdep iajem TedFITId> pue sIYByay aaem unmyxey

*N WeyTTIM ‘371703g

{39 1-08 “ou eI186N° €0Z21

*1=08 °*ou {pIe TEOTUYODL ‘i123ul) Yoaeasay Surisaurlugm
TeIse0) "§°(1 3S3FIAg "II  °DTITL ‘I -saaeM ‘7 “IYBray asey °)

*paIudsaid ST SaAIND IS3Y3 jJO
2SN ay] S9IBIISUOWADP IEY3 ITdwWex3 uy °ssaudasals 3aem aI0US3Jjo pue
adoTs a173oxd jo uoyIouny e se auoz 3Jans 3yl uy s3y3yay 3aeam yead
30 uoTIed0T pue apnitulew 3yl 103 SIAIND uoFIO>Ipaid doTaAap 03 pasn
ST (G/61) ®TPOH JO TIpOW UOTIPWIOIIP 3amm 1eTn3211] 3I0ysiesu ayf
*3T3ITI 18A0)
(1-08 "ou ! 133ud) Ydawasay
SutaseurBug TeISEO) *S°[ — PP TEOTUYIIL) — “wd sz ¢ ‘TIF ¢ °d |
‘0864 ‘90TAIIS UOFIRPWIOIUI TEROFUYDD]L TRPUOTIBN WOIJ
aTqeryesae : ‘A ‘pratidurxds ¢ 193ue) yoxessay Buyissuidug TeIseo)
*S*M : ‘BA ‘ITOATRg a0 - °3YT99S ‘N WRRTTIM £q / ®uoz jIns 2yl uy
saaea 1eTn8a1a7 103 syidap 193em TEOTITI? pue sIYIT2y SAEM WNUTXER

‘N UBTTTIM ‘871938

79 [-0g8 -ou e3lgen” €071

*[~08 ‘ou {pye [EOFUYD?] ‘-133jud) Ydieasay Suyidaujsuy
TeISBO) *S°N :IS3FIAIS ‘I1 -ATITL 'I °saaem °7 *ay8y1ay aaem °|

*pajuasaxd s} saAxnd 3Sayl jo
asn 9yl saivlisuowsp eyl afdwexs uy ssaudaays aaem 210ysjjo pue
adors 21730ad jo uoyidounjy ® se Juoz jins 3yl uy siy8yay aaem yead
Jo uoriedol pur apnijudeuw 3yl 103 SIAIND woy3d>ypaid doraslp o3 pasn
ST (GL6{) ©POO jO T3pow uojjewiolap daem Ie[n8aiiy aioysieau 3yl
"3TITI 12A0)
(1-08 -ou : 133u3) YdIeaIS3Yy
Buraasurdug TRISLO) °S°} ~ PFE TBIFUYIIL) - °wd 7 ¢ “TIF ¢ -d ||
‘0861 *29FTAIDS UOTIPWIOIJU] TEOJUYOI] TEUOTIBN WOIJ
aTqerTeAr : ‘ep *‘praryilduyads ! 133u9) ysaeasay BujyisauilBuy teISEO)
*S°N : ‘*BA ‘IT0ATRg 3I04 - B[RS N WeITTIM £q / 3uoz jans ayl uy
saaem IeTNE211¥ 103 syidop Iajes TEOTITIO pue sSIYITIY 2AEBM UMWIXER

‘N WeTTTIM ‘Brress







